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(57) The present invention provides a similarity sim-
ulation test device for solid-liquid coupling of coal and
rock mass, mainly including: a test body carrying frame,
a lateral carrying frame, a first loading mechanism, a sec-
ond vertical loading mechanism, a third lateral loading
mechanism, a hydraulic jack, and a stabilizing support

beam. The similarity simulation test device for solid-liquid
coupling of the coal and rock mass consists of one test
body carrying frame, two lateral carrying frames, one first
loading mechanism, one second vertical loading mech-
anism, two third lateral loading mechanisms, two hydrau-
lic jacks, and one stabilizing support beam.
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Description

FIELD

[0001] The present invention relates to the field of coal
and, more particularly, to a test device for conducting a
similarity simulation test on solid-liquid coupling of coal
and rock mass, and a method for using the test device.

BACKGROUND

[0002] A similar material simulation test is a technical
means to reproduce an engineering site in a laboratory
based on geological conditions, force conditions and
boundary conditions of the engineering site, using simi-
larity theories such as geometric similarity, mechanical
similarity and physical parameter similarity, and is widely
used in mining engineering, civil engineering, geotech-
nical engineering and other engineering fields.
[0003] At present, traditional similarity simulation tests
mainly simulate mine pressure manifestation of coal and
rock mass, and rarely can realize similarity simulation of
solid-liquid coupling. Some scholars have carried out
seepage experiments for small-scale coal or rock spec-
imens. For example, invention patent
CN202110000142.8 discloses a solid-liquid coupling ex-
periment device and experiment method, in which the
device is mainly used to analyze a seepage process of
coal or rock specimens, focusing on the analysis of load-
ing and unloading experiments conducted on small-scale
coal or rock specimens, but the device cannot carry out
similarity simulation tests on large-scale coal and rock
mass. Some scholars have improved traditional similarity
simulation test systems, to meet the basic requirements
of similarity simulation tests on solid-liquid coupling. For
example, invention patent CN201910567055.3 disclos-
es a three-dimensional solid-liquid coupling similar sim-
ulation system and method for coal seam excavation, but
the system is not much different from the traditional sim-
ilarity simulation test system for coal seam excavation,
and it is difficult to realize adjustment of water pressure
and mine pressure. Invention patent
CN201910513853.8 discloses a device and method for
performing three-dimensional solid-liquid coupling simi-
larity simulation of water accumulation in a coal mined-
out area, but the system cannot realize loading and un-
loading change control, and it is difficult to simulate the
influence of water pressure and mine pressure changes
on the strength of coal and rock mass. Invention patent
CN201811416280.9 discloses a solid-liquid coupling
three-dimensional nondestructive monitoring system
and method for mining overburden rocks, in which the
system mainly simulates a seepage pattern of an upper
rock layer at a mining site, but cannot realize simulation
of stress, seepage, damage and destroy of the coal and
rock mass under the action of solid-liquid coupling.
[0004] As discussed above, it can be known that the
existing solid-liquid coupling experiment devices cannot

control water pressure or mine pressure changes, cannot
achieve simulation of stress, seepage, damage, destroy
and other changes of coal and rock layers under the com-
bined action of mine pressure and water pressure on the
coal and rock mass. There is no such similarity simulation
test device at home and abroad.

SUMMARY

[0005] In view of the above problems, the present in-
vention proposes a similarity simulation test device for
solid-liquid coupling of coal and rock mass, and a method
for using the similarity simulation test device. The simi-
larity simulation test device can adjust water pressure
and mine pressure to which the coal and rock mass is
subjected, and realize similarity simulation test analysis
of stress, seepage, damage and destroy of the coal and
rock mass under the combined action of water pressure
and mine pressure.
[0006] A similarity simulation test device for solid-liquid
coupling of coal and rock mass according to the present
invention includes: a test body carrying frame, a lateral
carrying frame, a first loading mechanism, a second ver-
tical loading mechanism, a third lateral loading mecha-
nism, a hydraulic jack, and a stabilizing support beam.
[0007] The similarity simulation test device for solid-
liquid coupling of the coal and rock mass consists of one
test body carrying frame, two lateral carrying frames, one
first loading mechanism, one second vertical loading
mechanism, two third lateral loading mechanisms, two
hydraulic jacks, and one stabilizing support beam. Both
ends of the first loading mechanism are connected to
respective first ends of the two hydraulic jacks, and re-
spective second ends of the two hydraulic jacks are con-
nected to the test body carrying frame. The lateral car-
rying frames are connected to the test body carrying
frame, the second vertical loading mechanism, the third
lateral loading mechanisms, and the stabilizing support
beam. Both ends of the second vertical loading mecha-
nism are connected to the two lateral carrying frames,
correspondingly. The third lateral loading mechanisms
are connected to the two lateral carrying frames. Both
ends of the stabilizing support beam are connected to
the two lateral carrying frames, correspondingly.
[0008] Further, the test body carrying frame includes:
a sealing back plate, a lateral sealing plate, a water baffle,
a sealing bottom plate, a bearing bottom plate, a water
channel, a water collection bin, a first water outlet pipe,
a second water outlet pipe, a support leg, a first connec-
tion trunnion, a second connection trunnion, a third con-
nection trunnion, and a fourth connection trunnion. The
sealing back plate is fixedly connected to the lateral seal-
ing plate and the sealing bottom plate. The bearing bot-
tom plate is fixedly connected to the sealing bottom plate,
and the bearing bottom plate is slightly lower than the
sealing bottom plate to form a step. The bearing bottom
plate has a water channel, and the water channel is ad-
jacent to the water baffle. The water baffle is configured
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to stop seeping water from flowing out of a test bench
and allow the seeping water to flow into the water collec-
tion bin through the water channel. The water collection
bin is configured to collect water that seeps out of the
coal and rock mass materials during a test. The first water
outlet pipe is configured to monitor changes in water pres-
sure and discharge the water at the end of the test. The
second water outlet pipe is configured to discharge the
water stored in the water collection bin. The first connec-
tion trunnion is connected to the first end of the hydraulic
jack. The second connection trunnion, the third connec-
tion trunnion, and the fourth connection trunnion are con-
nected to the lateral carrying frame, forming a stable test
bench.
[0009] Furthermore, the lateral carrying frame includes
a carrying-frame support side plate, a carrying-frame
guide hole, a carrying-frame threaded hole, a carrying-
frame first connection trunnion, a carrying-frame second
connection trunnion, a carrying-frame third connection
trunnion, and a carrying-frame fourth connection trun-
nion. The carrying-frame first connection trunnion is con-
nected to the second connection trunnion. The carrying-
frame second connection trunnion is connected to the
fourth connection trunnion. The carrying-frame third con-
nection trunnion is connected to the third connection trun-
nion. The carrying-frame fourth connection trunnion is
connected to one end of the stabilizing support beam.
[0010] Furthermore, the first loading mechanism in-
cludes a first loading pressure plate, a first loading rib
plate, a water injection pipe, and a first loading connection
trunnion; and the first loading connection trunnion is con-
nected to the second end of the hydraulic jack.
[0011] Furthermore, the second vertical loading mech-
anism includes: a second loading pressure plate, a sec-
ond loading fixing plate, a second loading guide pillar, a
second loading bolt, a second loading connection trun-
nion. The second loading pressure plate is fixedly con-
nected to the second loading guide pillar, the second
loading fixing plate has a guide hole, and the second
loading guide pillar is movable up and down along the
guide hole. The second loading fixing plate has a thread-
ed hole, and the second loading bolt applies a load to
the second loading fixing plate through the threaded hole.
The second loading connection trunnion is connected to
the carrying-frame second connection trunnion.
[0012] Furthermore, the third lateral loading mecha-
nism includes a third lateral loading pressure plate, a
third lateral loading guide pillar, and a third lateral loading
bolt; the third lateral loading guide pillar is fixedly con-
nected to the third lateral loading pressure plate; and the
third lateral loading bolt applies a load to the third lateral
loading pressure plate through the carrying-frame
threaded hole.
[0013] A method for using the similarity simulation test
device for solid-liquid coupling of coal and rock mass
includes:

S001, determining physical and mechanical param-

eters of similar materials and geometrical parame-
ters of a model based on actual conditions at an en-
gineering site;
S002, mounting a lateral carrying frame and a sta-
bilizing support beam;
S003, mounting a third lateral loading mechanism;
S004, laying coal and rock mass materials;
S005, mounting a second vertical loading mecha-
nism;
S006, adjusting vertical and lateral forces on the coal
and rock mass;
S007, mounting a first loading mechanism;
S008, simulating an initial water pressure during a
test;
S009, conducting a solid-liquid coupling test on the
coal and rock mass;
S010, finishing the test and removing the similarity
simulation test device.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a structure diagram of a similarity simulation
test device for solid-liquid coupling of a coal and rock
mass according to an embodiment of the present
invention;
FIG. 2 is a front view of a similarity simulation test
device for solid-liquid coupling of a coal and rock
mass according to an embodiment of the present
invention;
FIG. 3 is a side view of a similarity simulation test
device for solid-liquid coupling of a coal and rock
mass according to an embodiment of the present
invention;
FIG. 4 is a structure diagram of a test body carrying
frame according to an embodiment of the present
invention;
FIG. 5 is an A-A section view of a test body carrying
frame according to an embodiment of the present
invention;
FIG. 6 is a top view of a test body carrying frame
according to an embodiment of the present inven-
tion;
FIG. 7 is a side view of a test body carrying frame
according to an embodiment of the present inven-
tion;
FIG. 8 is a structure diagram of a lateral carrying
frame according to an embodiment of the present
invention;
FIG. 9 is a top view of a lateral carrying frame ac-
cording to an embodiment of the present invention;
FIG. 10 is a structure diagram of a first loading mech-
anism according to an embodiment of the present
invention;
FIG. 11 is a top view of a first loading mechanism
according to an embodiment of the present inven-
tion;
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FIG. 12 is a structure diagram of a second vertical
loading mechanism according to an embodiment of
the present invention;
FIG. 13 is a front view of a second vertical loading
mechanism according to an embodiment of the
present invention;
FIG. 14 is a structure diagram of a third lateral loading
mechanism according to an embodiment of the
present invention;
FIG. 15 is an assembly diagram of a third lateral load-
ing mechanism and a test body carrying frame ac-
cording to an embodiment of the present invention;
FIG. 16 is a structure diagram of a hydraulic jack
according to an embodiment of the present inven-
tion;
FIG. 17 is a structure diagram of a stabilizing support
beam according to an embodiment of the present
invention;
FIG. 18 is a flow diagram of a method for using a
similarity simulation test device for solid-liquid cou-
pling of a coal and rock mass according to an em-
bodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0015] The present application will be described in fur-
ther detail below in conjunction with the accompanying
drawings and specific embodiments. In the description
of the present application, it should be noted that terms
such as "central," "upper," "lower," "left," "right," "verti-
cal," "horizontal," "inner" and "outer" should be construed
to refer to the orientation as then described or as shown
in the drawings under discussion. These terms are for
convenience of description and do not indicate or imply
that the device or element referred to must have a par-
ticular orientation or be constructed and operated in a
particular orientation. Thus, these terms shall not be con-
strued as limitation on the present invention.
[0016] Referring to FIGS. 1-3, a similarity simulation
test device for solid-liquid coupling of a coal and rock
mass according to the present invention includes: a test
body carrying frame 1, a lateral carrying frame 2, a first
loading mechanism 3, a second vertical loading mecha-
nism 4, a third lateral loading mechanism 5, a hydraulic
jack 6, and a stabilizing support beam 7.
[0017] The similarity simulation test device for solid-
liquid coupling of the coal and rock mass consists of one
test body carrying frame 1, two lateral carrying frames 2,
one first loading mechanism 3, one second vertical load-
ing mechanism 4, two third lateral loading mechanisms
5, two hydraulic jacks 6, and one stabilizing support beam
7.
[0018] The lateral carrying frames 2 are each connect-
ed to the test body carrying frame 1, the second vertical
loading mechanism 4, the third lateral loading mecha-
nisms 5, and the stabilizing support beam 7. Both ends
of the first loading mechanism 3 are connected to respec-
tive first ends of the two hydraulic jacks 6, and respective

second ends of the two hydraulic jacks 6 are connected
to the test body carrying frame 1. Both ends of the second
vertical loading mechanism 4 are connected to the two
lateral carrying frames 2, correspondingly. The third lat-
eral loading mechanisms 5 are connected to the two lat-
eral carrying frames 2. Both ends of the stabilizing sup-
port beam 7 are connected to the two lateral carrying
frames 2, correspondingly. Consequently, the stability of
the test device is improved.
[0019] The test body carrying frame 1 mainly includes:
a sealing back plate 11, a lateral sealing plate 12, a water
baffle 13, a sealing bottom plate 14, a bearing bottom
plate 15, a water channel 16, a water collection bin 17,
a first water outlet pipe 18, a second water outlet pipe
19, a support leg 110, a first connection trunnion 111, a
second connection trunnion 112, a third connection trun-
nion 113, and a fourth connection trunnion 114, as shown
in FIGS. 4-7.
[0020] The sealing back plate 11 is fixedly connected
to the lateral sealing plate 12 and the sealing bottom plate
14. The bearing bottom plate 15 is fixedly connected to
the sealing bottom plate 14, and the bearing bottom plate
15 is slightly lower than the sealing bottom plate 14 to
form a step.
[0021] Specifically, during a test, coal and rock mass
materials are laid on the bearing bottom plate 15, and a
box-shaped sealing space is formed by the sealing back
plate 11, the lateral sealing plate 12, the sealing bottom
plate 14, and the laid coal and rock mass materials to-
gether. Water is injected into the sealing space. In such
a way, a seepage effect of water on the coal and rock
mass can be simulated.
[0022] In addition, the bearing bottom plate 15 is slight-
ly lower than the sealing bottom plate 14, allowing the
coal and rock mass materials to make full contact with
the sealing bottom plate 14, which is conducive to sealing
and reduces water leakage due to poor sealing between
the coal and rock mass materials and the bearing bottom
plate 15.
[0023] The bearing bottom plate 15 has a water chan-
nel 16, and the water channel is adjacent to the water
baffle 13. The water baffle 13 is mainly configured to stop
seeping water from flowing out of a test bench and allow
the seeping water to flow into the water collection bin 17
through the water channel 16.
[0024] Specifically, the bearing bottom plate 15 needs
to be laid with the coal and rock mass materials according
to actual project situations, to achieve similarity simula-
tion tests on coal and rock mass materials of different
widths. The water channel 16 is on a side adjacent to the
water baffle 13, which can increase an effective utilization
area of the bearing bottom plate 15 and achieve similarity
simulation tests on coal and rock mass materials of dif-
ferent widths.
[0025] The water collection bin 17 is configured to col-
lect water that seeps out of the coal and rock mass ma-
terials during the test. Specifically, during the test, due
to a seepage or splitting action of the water, as well as a
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damaging and destructive effect of the mine pressure on
the coal and rock mass materials, the water passes
through the coal and rock mass materials and flow into
the collection water bin 17 through the water channel 16.
The damaging and destructive characteristics of the coal
and rock mass materials can be analyzed by monitoring
the water seepage amount as a function of time.
[0026] The first water outlet pipe 18 is configured to
monitor changes in water pressure and discharge the
water at the end of the test. Specifically, by a water pres-
sure gauge mounted on the first water outlet pipe 18,
changes in water pressure within the box-shaped sealing
space formed by the sealing back plate 11, the lateral
sealing plate 12, the sealing bottom plate 14, and the laid
coal and rock mass materials together can be monitored.
Furthermore, after the test is completed, the water in the
sealing space can be discharged through the first water
outlet pipe 18.
[0027] The second water outlet pipe 19 is configured
to discharge the water stored in the water collection bin
17. Specifically, the water stored in the water collection
bin 17 is discharged through the second water outlet pipe
19, allowing to monitor the water seepage amount as a
function of time.
[0028] The first connection trunnion 111 is connected
to the first end of the hydraulic jack 6. The second con-
nection trunnion 112, the third connection trunnion 113,
and the fourth connection trunnion 114 are connected to
the lateral carrying frame 2, forming a stable test bench.
[0029] The lateral carrying frame 2 mainly includes a
carrying-frame support side plate 21, a carrying-frame
guide hole 22, a carrying-frame threaded hole 23, a car-
rying-frame first connection trunnion 24, a carrying-frame
second connection trunnion 25, a carrying-frame third
connection trunnion 26, and a carrying-frame fourth con-
nection trunnion 27, as shown in FIGS. 8-9.
[0030] The carrying-frame first connection trunnion 24
is connected to the second connection trunnion 112. The
carrying-frame second connection trunnion 25 is con-
nected to the fourth connection trunnion 114. The carry-
ing-frame third connection trunnion 26 is connected to
the third connection trunnion 113. The carrying-frame
fourth connection trunnion 27 is connected to one end of
the stabilizing support beam 7.
[0031] The first loading mechanism 3 mainly includes
a first loading pressure plate 31, a first loading rib plate
32, a water injection pipe 33, and a first loading connec-
tion trunnion 34, as shown in FIGS. 10-11.
[0032] The first loading connection trunnion 34 is con-
nected to the second end of the hydraulic jack 6. Specif-
ically, the first loading pressure plate 31 of the first loading
mechanism 3 is within the box-shaped sealing space
formed by the sealing back plate 11, the lateral sealing
plate 12, the sealing bottom plate 14, and the laid coal
and rock mass materials together. Two first loading con-
nection trunnions 34 are connected to respective first
ends of the two hydraulic jacks 6. Water is injected into
the sealing space through the water injection pipe 33. By

simultaneously retracting the two hydraulic jacks 6, pres-
sure can be applied to the water in the sealing space
through the first loading pressure plate 31. The magni-
tude of the pressurizing load can be monitored by a pres-
sure gauge mounted on the first water outlet pipe 18,
enabling the simulation and adjustment of changes in the
water pressure in the sealing space.
[0033] In addition, the first loading rib plate 32 may be
of an I-shaped structure, so that the stability of the mech-
anism can be improved when loads are applied at both
ends.
[0034] The second vertical loading mechanism 4 main-
ly includes: a second loading pressure plate 41, a second
loading fixing plate 42, a second loading guide pillar 43,
a second loading bolt 44, a second loading connection
trunnion 45, as shown in FIGS. 12-13.
[0035] The second loading pressure plate 41 is fixedly
connected to the second loading guide pillar 43. The sec-
ond loading fixing plate 42 has a guide hole, and the
second loading guide pillar 43 can move up and down
along the guide hole. The second loading fixing plate 42
has a threaded hole, and the second loading bolt 44 ap-
plies a load to the second loading fixing plate 42 through
the threaded hole. The second loading connection trun-
nion 45 is connected to the carrying-frame second con-
nection trunnion 25.
[0036] Specifically, the coal and rock mass materials
are laid on the bearing bottom plate 15; the second load-
ing pressure plate 41 is arranged on the coal and rock
mass materials; the second loading fixing plate 42 is con-
nected to the second loading guide pillar 43 through the
guide hole and is connected to the carrying-frame second
connection trunnion 25 by the second loading connection
trunnion 45. In such a case, pressure can be applied to
the second loading pressure plate 41 through the second
loading bolt 44, and hence the load is applied to the coal
and rock mass materials, realizing control over the mag-
nitude of the load applied to the coal and rock mass ma-
terials.
[0037] Specifically, during a loading process, the sec-
ond loading guide pillar 43 can avoid movement of the
second loading pressure plate 41 in a wrong direction,
ensuring that the load is applied in a vertical direction.
Furthermore, since the second loading connection trun-
nion 45 is connected to the carrying-frame second con-
nection trunnion 25, and the second loading fixing plate
42 has the threaded hole, the second loading bolt 44 can
control the magnitude of the load applied to the second
loading pressure plate 41 by the number of turns it is
rotated, which can realize the small adjustment of the
load value and achieve precise control over the applied
load.
[0038] The third lateral loading mechanism 5 mainly
includes a third lateral loading pressure plate 51, a third
lateral loading guide pillar 52, and a third lateral loading
bolt 53, as shown in FIG. 14.
[0039] The third lateral loading guide pillar 52 is fixedly
connected to the third lateral loading pressure plate 51.
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The third lateral loading bolt 53 applies a load to the third
lateral loading pressure plate 51 through the carrying-
frame threaded hole 23.
[0040] Specifically, the third lateral loading pressure
plate 51 is on a side of the lateral carrying frame 2 close
to the coal and rock mass, as shown in FIG. 15. The third
lateral loading guide pillar 52 passes through the carry-
ing-frame guide hole 22, and a movement direction of
the third lateral loading pressure plate 51 is controlled by
the third lateral loading guide pillar 52.
[0041] In addition, the third lateral loading bolt 53 ap-
plies a load to the third lateral loading pressure plate 51
through the carrying-frame threaded hole 23, to apply a
lateral load to the coal and rock mass materials by the
third lateral loading pressure plate 51.
[0042] One end of the hydraulic jack 6 is connected to
the first connection trunnion 111 and the other end of the
hydraulic jack 6 is connected to the first loading connec-
tion trunnion 34, to achieve control over the water pres-
sure, as shown in FIG. 16.
[0043] Both ends of the stabilizing support beam 7 are
connected to the carrying-frame fourth connection trun-
nions 27 of the two lateral carrying frames 2, correspond-
ingly, to improve the stability of the test bench, as shown
in FIG. 17.
[0044] The present invention proposes the similarity
simulation test device for solid-liquid coupling of coal and
rock mass. The sealing back plate 11, the lateral sealing
plate 12, the sealing bottom plate 14, and the laid coal
and rock mass materials together form the box-shaped
sealing space. The control over water pressure can be
achieved by the first loading mechanism 3 and the hy-
draulic jack 6. The second vertical loading mechanism 4
can realize the vertical loading on the coal and rock mass
materials. The third lateral loading mechanism 5 can re-
alize the lateral loading on the coal and rock mass ma-
terials. As a result, the requirements of similarity simula-
tion tests for solid-liquid coupling of the coal and rock
mass under different water pressure and different mine
pressure conditions can be satisfied.
[0045] Referring to FIG. 18, the present invention also
proposes a method for using the similarity simulation test
device for solid-liquid coupling of coal and rock mass.
The method includes:

S001, determining physical and mechanical param-
eters of similar materials and geometrical parame-
ters of a model based on actual conditions at an en-
gineering site;
S002, mounting a lateral carrying frame 2 and a sta-
bilizing support beam 7, in which, specifically, the
lateral carrying frame 2 is connected and fixed to a
test body carrying frame 1, and both ends of the sta-
bilizing support beam 7 are connected and fixed to
two lateral carrying frames 2 correspondingly;
S003, mounting a third lateral loading mechanism 5,
in which, specifically, a third lateral loading guide pil-
lar 52 of the third lateral loading mechanism 5 passes

through a carrying-frame guide hole 22, and its po-
sition is limited by a third lateral loading bolt 53
through a carrying-frame threaded hole 23 according
to a size requirement of the coal and rock mass;
S004, laying coal and rock mass materials, in which,
specifically, the coal and rock mass materials are
laid on a bearing bottom plate 15 according to the
geometrical parameters of the model and the phys-
ical and mechanical parameters of the model mate-
rials;
S005, mounting a second vertical loading mecha-
nism 4, in which, specifically, a second loading pres-
sure plate 41 is arranged on the coal and rock mass
materials, a second loading fixing plate 42 is con-
nected to a second loading guide pillar 43 through a
guide hole and connected to a carrying-frame sec-
ond connection trunnion 25 through a second load-
ing connection trunnion 45, and at this time, pressure
is exerted on the second loading pressure plate 41
through a second loading bolt 44 to simulate an initial
force exerted on the coal and rock mass;
S006, adjusting vertical and lateral forces on the coal
and rock mass, in which, specifically, a lateral load
imposed by a third lateral loading pressure plate 51
on the coal and rock mass can be adjusted by ad-
justing a third lateral loading bolt 53, and a vertical
load imposed by the second loading pressure plate
41 on the coal and rock mass can be adjusted by
adjusting the second loading bolt 44;
S007, mounting a first loading mechanism 3, in
which, specifically, both ends of the first loading
mechanism 3 are connected to respective first ends
of two hydraulic jacks 6, and respective second ends
of the two hydraulic jacks 6 are connected to the test
body carrying frame 1;
S008, simulating an initial water pressure during the
test, in which, specifically, a water pressure gauge
is mounted on a first water outlet pipe 18 and seals
the first water outlet pipe 18; water is injected through
the water injection pipe 33 according to a test re-
quirement; during the water injection, a water level
change can be determined by a pressure change of
the water pressure gauge; and the water injection is
stopped when an initial water pressure value is
reached;
S009, conducting a solid-liquid coupling test on the
coal and rock mass, in which, specifically, a value of
the water pressure to which the coal and rock mass
is subjected can be changed by adjusting an exten-
sion/retraction stroke of the hydraulic jack 6; the ver-
tical load imposed on the coal and rock mass mate-
rials can be changed by adjusting the second loading
bolt 44; the lateral load imposed on the coal and rock
mass materials can be changed by adjusting the third
lateral loading bolt 53; the damage and destroy char-
acteristics of the coal and rock mass materials can
be analyzed by monitoring the water seepage
amount collected by the water collection bin 17 as a
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function of time; and additionally, during the test,
pressure sensors, displacement sensors and other
relevant sensors can be added to monitor the dam-
age and seepage characteristics of the coal and rock
mass (the test system mainly provides the usage
method of the test device, and users may adopt dif-
ferent monitoring means according to the test
needs);
S010, finishing the test and removing the test device,
in which, specifically, the water pressure gauge
mounted on the first water outlet pipe 18 is removed
and the water is discharged; the first loading mech-
anism 3, the hydraulic jacks 6, the second vertical
loading mechanism 4 are removed; the coal and rock
mass materials are then removed; the third lateral
loading mechanism 5, the stabilizing support beam
7, and the lateral carrying frame 2 are removed.

[0046] The above description only involves principles
and preferred embodiments of the present invention. It
should be noted that other variations can be made by
those skilled in the art based on the principles of the
present invention and also fall into the protection scope
of the present invention.

Claims

1. A similarity simulation test device for solid-liquid cou-
pling of a coal and rock mass, comprising: a test
body carrying frame (1), a lateral carrying frame (2),
a first loading mechanism (3), a second vertical load-
ing mechanism (4), a third lateral loading mechanism
(5), a hydraulic jack (6), and a stabilizing support
beam (7),
wherein:

the similarity simulation test device for solid-liq-
uid coupling of the coal and rock mass compris-
es one test body carrying frame (1), two lateral
carrying frames (2), one first loading mechanism
(3), one second vertical loading mechanism (4),
two third lateral loading mechanisms (5), two hy-
draulic jacks (6), and one stabilizing support
beam (7);
both ends of the first loading mechanism (3) are
connected to respective first ends of the two hy-
draulic jacks (6), and respective second ends of
the two hydraulic jacks (6) are connected to the
test body carrying frame (1);
the lateral carrying frames (2) are connected to
the test body carrying frame (1), the second ver-
tical loading mechanism (4), the third lateral
loading mechanisms (5), and the stabilizing sup-
port beam (7);
both ends of the second vertical loading mech-
anism (4) are connected to the two lateral car-
rying frames (2), correspondingly;

the third lateral loading mechanisms (5) are con-
nected to the two lateral carrying frames (2); and
both ends of the stabilizing support beam (7) are
connected to the two lateral carrying frames (2),
correspondingly.

2. The similarity simulation test device according to
claim 1, wherein:

the test body carrying frame (1) comprises: a
sealing back plate (11), a lateral sealing plate
(12), a water baffle (13), a sealing bottom plate
(14), a bearing bottom plate (15), a water chan-
nel (16), a water collection bin (17), a first water
outlet pipe (18), a second water outlet pipe (19),
a support leg (110), a first connection trunnion
(111), a second connection trunnion (112), a
third connection trunnion (113), and a fourth
connection trunnion (114);
the sealing back plate (11) is fixedly connected
to the lateral sealing plate (12) and the sealing
bottom plate (14);
the bearing bottom plate (15) is fixedly connect-
ed to the sealing bottom plate (14), and the bear-
ing bottom plate (15) is slightly lower than the
sealing bottom plate (14) to form a step;
the bearing bottom plate (15) has a water chan-
nel (16), and the water channel is adjacent to
the water baffle (13);
the water baffle (13) is configured to stop seep-
ing water from flowing out of a test bench and
allow the seeping water to flow into the water
collection bin (17) through the water channel
(16);
the water collection bin (17) is configured to col-
lect water that seeps out of the coal and rock
mass materials during a test;
the first water outlet pipe (18) is configured to
monitor changes in water pressure and dis-
charge the water at the end of the test;
the second water outlet pipe (19) is configured
to discharge the water stored in the water col-
lection bin (17);
the first connection trunnion (111) is connected
to the first end of the hydraulic jack (6); and
the second connection trunnion (112), the third
connection trunnion (113), and the fourth con-
nection trunnion (114) are connected to the lat-
eral carrying frame (2), forming a stable test
bench.

3. The similarity simulation test device according to
claim 1 or 2, wherein:

the lateral carrying frame (2) comprises a carry-
ing-frame support side plate (21), a carrying-
frame guide hole (22), a carrying-frame thread-
ed hole (23), a carrying-frame first connection

11 12 



EP 4 206 646 A1

8

5

10

15

20

25

30

35

40

45

50

55

trunnion (24), a carrying-frame second connec-
tion trunnion (25), a carrying-frame third connec-
tion trunnion (26), and a carrying-frame fourth
connection trunnion (27);
the carrying-frame first connection trunnion (24)
is connected to the second connection trunnion
(112);
the carrying-frame second connection trunnion
(25) is connected to the fourth connection trun-
nion (114);
the carrying-frame third connection trunnion
(26) is connected to the third connection trun-
nion (113); and
the carrying-frame fourth connection trunnion
(27) is connected to one end of the stabilizing
support beam (7).

4. The similarity simulation test device according to any
one of claims 1 to 3, wherein:

the first loading mechanism (3) comprises a first
loading pressure plate (31), a first loading rib
plate (32), a water injection pipe (33), and a first
loading connection trunnion (34); and
the first loading connection trunnion (34) is con-
nected to the second end of the hydraulic jack
(6).

5. The similarity simulation test device according to any
one of claims 1 to 4, wherein:

the second vertical loading mechanism (4) com-
prises: a second loading pressure plate (41), a
second loading fixing plate (42), a second load-
ing guide pillar (43), a second loading bolt (44),
a second loading connection trunnion (45);
the second loading pressure plate (41) is fixedly
connected to the second loading guide pillar
(43), the second loading fixing plate (42) has a
guide hole, and the second loading guide pillar
(43) is movable up and down along the guide
hole;
the second loading fixing plate (42) has a thread-
ed hole, and the second loading bolt (44) applies
a load to the second loading fixing plate (42)
through the threaded hole; and
the second loading connection trunnion (45) is
connected to the carrying-frame second con-
nection trunnion (25).

6. The similarity simulation test device according to any
one of claims 1 to 5, wherein:

the third lateral loading mechanism (5) compris-
es a third lateral loading pressure plate (51), a
third lateral loading guide pillar (52), and a third
lateral loading bolt (53);
the third lateral loading guide pillar (52) is fixedly

connected to the third lateral loading pressure
plate (51); and
the third lateral loading bolt (53) applies a load
to the third lateral loading pressure plate (51)
through the carrying-frame threaded hole (23).

7. A method for using the similarity simulation test de-
vice for solid-liquid coupling of coal and rock mass
according to any one of claims 1 to 6, comprising:

S001, determining physical and mechanical pa-
rameters of similar materials and geometrical
parameters of a model based on actual condi-
tions at an engineering site;
S002, mounting a lateral carrying frame (2) and
a stabilizing support beam (7);
S003, mounting a third lateral loading mecha-
nism (5);
S004, laying coal and rock mass materials;
S005, mounting a second vertical loading mech-
anism (4);
S006, adjusting vertical and lateral forces on the
coal and rock mass;
S007, mounting a first loading mechanism (3);
S008, simulating an initial water pressure during
a test;
S009, conducting a solid-liquid coupling test on
the coal and rock mass;
S010, finishing the test and removing the simi-
larity simulation test device.
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